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sleeve 30 is a generally cylindrical shaped member with 
an inwardly flared or tapered outer or trailing end 
(FIG. 5). Housed within the outer sleeve 30 is an inter- 
mediate sleeve 34 and within the intermediate sleeve 34 
an inner sleeve 37. Both the intermediate sleeve 34 and 5 
inner sleeve 37 have outwardly flared inner or leading 
ends and the intermediate sleeve 34 an inwardly flared 
outer end. The purpose for the flaring is apparent upon 
viewing FIG. 6 which shows the inwardly flared portion 
of one sleeve mating with the outwardly flared portion of jq 
the adjacent sleeve when fully extended. It should also 
be noted that the ends of the sleeves when fully extended 
move beyond the break point in the sleeve for the taper 
or flare and thereby are somewhat dimensionally dis- 
placed to provide a jamming action. 15 

Although not described in detail, the leading edge 
members 23 and 25 are similarly designed, and each of 
the rear extremities of the inner sleeves carry deploy- 
ment line release mechanism. This mechanism 38 is 
illustrated in detail by FIG. 4 and is shown associated 20 
with the inner sleeve 37 of keel 28. A plug 40 is fixed 
to the rear extremity of the inner sleeve 37 by means of 
pins, welding, or some other conventional fastening tech- 
nique. The inner sleeve 37 has a pair of aligned apertures 
39 which register with a plug cavity 41 formed through 25 
the plug. The plug 40 also has a bore 42 which is formed 
from the end of the plug through to the plug cavity and 
communicates therewith. A pyrotechnic cutting device 
45 is fitted in the bore 42 and is designed so that the 
knife thereof intersects the plug cavity 41 upon actua- 30 
tion. The pyrotechnic cutting device 45 contains a time 
delay arrangement actuated mechanically, this entire 
cutting arrangement being known throughout the state 
of the art. 

A deployment line loop 47 passes through the apertures 35 
38 and the plug cavity 41 and is tied to the deployment 
line 13 above the pyrotechnic device 45. As is apparent 
in FIG. 4, when the pyrotechnic cutter 45 is energized 
the deployment line loop 47 is sheared or cut by the 
cutter freeing the deployment line from the telescoping 40 
member inner sleeve. A branch line 14 is tied or other- 
wise fastened to the deployment line 13 above the deploy- 
ment line loop 47. The other end of the branch line 14 
is tied above the deployment line loop of deployment 
line release 50 (FIG. 2) fixed to the leading edge mem- 45 
ber 23. This structure not shown in detail, but illustrated 
diagrammatically in FIG. 2 and is of the same design as 
deployment line release 38. The spur line 15 is tied 
to the branch line 14 and to the deployment line loop of 
deployment line release 51 fixed to the leading edge mem- 50 
ber 25. Structure 51 is also similar to deployment line 
release 38. 

Attachment rings 57 (FIG. 4) surround and are fixed 
to the trailing ends of the inner sleeves of the telescoping 
leading edge members. They are used as anchors for 55 
the flexible wing skin now to be described. 

The flexible wing material may consist of various 
materials such as sailcloth, nylon ripstop fabric, para- 
chute cloth or any other flexible material which has the 
necessary strength and porosity qualities. The material 8 q 
has the form of a sweptback modified delta planform 
and has hems sewn in the leading edge portion and along 
the keel line to form channels which receive the tele- 
scoping leading edge members and keel. The material 
is fixed to the nose 21 and to attachment rings 57. 05 

The mechanism for spreading the leading edge mem- 
bers upon deployment is illustrated in FIGS. 1, 2, and 3. 
This mechanism includes link pairs 60 and 64. The 
link pair 60 is pivotally joined at one of their ends and 
pivoted to the outer sleeve of leading edge member 23 
and keel 28 respectively at their other ends. The link 
pair 64 is likewise pivotally joined at one end and pivoted 
to the outer sleeve of leading edge member 25 and 
keel 28 at the other end. The pivotal connections at the 
leading edge members and keels are made to collars which 75 
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are friclionally clamped to the members. This arrange- 
ment is provided to prevent interference of the telescop- 
ing nature of the leading edge members and keel. A 
tension device 62 such as a spring or shockcord is fixed 
to the jointed ends of link pair 60 and to nose 21. A 
similar resilient member 66 is fixed to the link pair 64 
and to the nose 21. As shown in FIG. 1, a lever arm 67 
is clamped to the keel and projects perpendicularly a short 
distance from either side of the keel outer sleeve. The 
resilient members are entrained over the ends of the lever 
arm to provide a force component to initially spread the 
link pairs upon deployment. The link pairs 60 and 64 
are designed to move slightly over center when fully 
expanded thereby forming a self-locking arrangement to 
maintain the wing planform. 

Operation 

The flexible wing 20 is initially folded in the nature 
shown in FIG. 1 and may be packaged together with the 
drogue chute 12 in a canister or other protective device 
(not shown). The wing may be connected to a payload 
by shroud lines or other means. When deployment is 
desired the drogue chute 12 is first released and may be 
utilized to pull the flexible wing 20 from the protective 
device as well as for deployment now to be described. 

The drogue chute 12 as it engages the atmosphere ap- 
plies a tension via deployment line 13 to the inner sleeve 
37 of keel 28. This results in pulling the sleeves of the 
keel away from the nose section in the manner shown in 
FIG. 2. Sufficient force is applied by the drogue chute 
12 to cause the telescoping members to fully extend and 
jam in the manner shown in FIG. 6. The fully extended 
keel then becomes a rigid member with no side or end 
play. The force applied by the drogue chute 12 also 
applies a tension to the pyrotechnic device 45 via the 
deployment line 13 thereby actuating a time delay switch. 
This time interval is set so that the keel is fully extended 
and locked before the explosive carried by the pyrotechnic 
device is fired. Upon firing of the explosive the outer 
blade forming a part thereof severs the deployment line 
loop 47 (FIG. 4) thereby releasing the drogue chute from 
the keel 28. 

The branch line 14, however, is tied to the main de- 
ployment line 13 and to the deployment line release 50 
associated with leading edge member 23. Thus, the 
drogue chute 12 now applies a force to the leading edge 
member 23 extending its telescoping sleeves and jam- 
ming them into the locked position. The pyrotechnic 
device then operates severing the deployment line from 
the leading edge member similarly to that described with 
respect to the keel. 

The spur line 15 is tied to the branch line 14 which 
is still connected to the main deployment line 13. The 
drogue chute 12 now applies a force to the deployment 
line release mechanism 51 associated with leading edge 
member 25. The telescoping sections of leading edge 
member 25 are extended and locked and the pyrotechnic 
device triggered. The deployment line loop associated 
with it severed, thus completely releasing the drogue 
chute 12, branch line 14 and spur line 15 from the ends 
of the telescoping tubes. The telescoping keel and lead- 
ing edge members are now fully extended and locked. 

During the above sequence of events the leading edge 
members 23 and 25 are spread away from the keel 28. 
This is accomplished by the link pairs 60 and 64 and 
their associated resilient members 62 and 66. Due to the 
manner in which the resilient members are entrained over 
the ends of the lever arm 67, a leverage system is pro- 
vided which initially opens the folded link pairs. Once 
the link pairs are opened a small amount, direct spring 
tension is sufficient to fully expand the pairs and the lead- 
ing edge members. The link pairs are maintained in the 
expanded position by the tension of the springs and the 
overcenter design of the link pairs thereby maintaining 
the planform of the wing. 
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The flexible wing material 55 being secured to the at- 
tachment rings 57 on the telescoping members follows 
the deployment sequence to form the wing configuration. 

The wing is now fully deployed and may be utilized to 
carry the payload to the desired position. 5 

From the above description it can be seen that a highly 
reliable deployment system for a rigid superstructure 
flexible wing type vehicle has been provided. The tele- 
scoping leading edge members and keel are designed such 
that a self-jamming union is made to provide rigid struc- jq 
tural members comparable to that of rigid one-piece 
structural members. This type of construction also elim- 
inates the need for any bearings or close tolerance fits in 
the telescoping sections except for the short flared por- 
tions at the ends. Thus, the telescoping sections can be 15 
made with a very loose fit and consequently have low fric- 
tion between the sliding sections, requiring a minimum 
force to extend and lock them. The arrangement for 
sequentially deploying or extending the telescoping mem- 
bers is of simple design, highly reliable and foolproof. 20 
Also, with this arrangement the full force from the drogue 
chute is applied to the extension of each of the telescop- 
ing members. The tensioned link pair arrangement also 
provides a highly reliable and foolproof system for 
spreading the leading edge members relative to the keel. 25 
The entire deployment system is based on simple mechan- 
ical principles and structure which assures full deploy- 
ment and guarantees operation on each deployment. Ob- 
viously, the advantages of the rigid superstructure for 
various applications is apparent. To mention a few of 30 
these advantages, the rigid superstructure is capable of 
greater load-carrying ability. Furthermore, a rigid struc- 
ture is not susceptible to deflation as is the inflatable type 
superstructure. Furthermore, the superstructure is not 
dependent for deployment upon pressure systems includ- 35 
ing valve and other mechanisms of questionable re- 
liability. 

Since there are, obviously, many modifications and 
variations of the present invention possible in the light of 
the above teachings, it is therefore to be understood, that 40 
within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically described. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 

1. A deployable flexible wing comprising: rigid flex- 45 
ible wing superstructure means; flexible wing material 
fixed to said superstructure to form a lift surface; means 
rendering said rigid flexible wing superstructure collap- 
sible in at least two dimensions to facilitate packaging 
before flight; and means for sequentially extending said 50 
rigid flexible wing superstructure to form said flexible 
wing. 

2. A deployable flexible wing comprising: rigid flex- 
ible wing superstructure; flexible wing material fixed to 
said superstructure for forming a lift surface; said super- 55 
structure including extendable leading edge members and 
keel to facilitate packaging before flight; and means for 
sequentially extending said leading edge members and 
keel to form said flexible wing. 

3. A deployable flexible wing as in claim 2 wherein 60 
said leading edge members and keel are telescoping mem- 
bers. 

4. A deployable flexible wing comprising: rigid flex- 
ible wing superstructure; flexible wing material fixed to 
said superstructure to form a lift surface; said super- 05 
structure including telescoping leading edge members and 
keel to facilitate packaging before flight; said telescoping 
members having inner engaging ends dimensioned so as 

to lock the leading edge and keel members in the ex- 
tended positions; and means for extending said leading 
edge members and keel to form said flexible wing. 

5. A deployable flexible wing comprising: rigid flexible 
wing superstructure; flexible wing material fixed to said 
superstructure to form a lift surface; said superstructure 75 
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including telescoping extendable leading edge members 
and keel to facilitate packaging before flight; said tele- 
scoping members having inner engaging ends which 
change dimensionally so as to lock the members in the 
extended position; and means for extending said leading 
edge members and keel to form said flexible wing. 

6. A deployable flexible wing comprising: rigid flex- 
ible wing superstructure; flexible wing material fixed to 
said superstructure to form a lift surface; said super- 
structure including telescoping extending leading edge 
members and keel to facilitate packaging before flight; 
said telescoping members having sleeves with inwardly 
and outwardly flared ends; said flared ends mating upon 
extension and moving beyond a break point forming the 
flare thereby jamming and locking the sleeves in the ex- 
tended position and means for extending said leading edge 
members and keel to form said flexible wing. 

7. A deployable flexible wing comprising; rigid flexible 
wing superstructure; flexible wing material fixed to said 
superstructure to form a lift surface; said superstructure 
including extendable leading edge members and keel to 
facilitate packaging before flight; and drogue parachute 
means for extending said leading edge members and keel 
to form said flexible wing. 

8. A depioyabie flexible wing as in claim 2 wherein 
said flexible wing superstructure has a nose section; said 
leading edge members being movably connected to said 
nose section to facilitate packaging. 

9. A deployable flexible wing as in claim 8 wherein said 
movable connection is a pivotal connection. 

10. A deployable flexible wing as in claim 7 wherein 
said drogue parachute means sequentially extends said 
keel and leading edge members; and means for sequen- 
tially severing lines connected to said drogue parachute 
and to said keel and each of said leading edge members 
after extension thereof. 

11. A deployable flexible wing comprising: rigid flex- 
ible wing superstructure; flexible wing material fixed to 
said superstructure to form a lift surface; said super- 
structure including extendable leading edge members and 
keel to facilitate packaging before flight; said flexible 
wing superstructure having a nose section; said leading 
edge members being pivotally connected to said nose sec- 
tion; link pairs pivotally joined at their ends and respec- 
tively to the keel and one of the leading edge members; 
resilient means fixed to said link pairs and said nose sec- 
tion; an arm fixed to said keel and projecting beyond said 
joined link pairs ends when collapsed against said keel; 
said resilient means being directed over the ends of said 
arm forcing initial movement of said link pairs upon de- 
ployment of said flexible wing and means for extending 
said leading edge members and keel to form said flex- 
ible wing. 

12. A deployable flexible wing comprising: rigid flex- 
ible wing superstructure; flexible wing material fixed to 
said superstructure to form a lift surface; said super- 
structure including extendable leading edge members and 
keel to facilitate packaging before flight; said flexible 
wing superstructure having a nose section; said leading 
edge members being pivotally connected to said nose sec- 
tion; link means connected to said keel and leading edge 
members; leverage means fixed to said keel, and resilient 
means secured to said nose section and link means; said 
resilient means being associated with said leverage means 
such that said link means is initially expanded upon de- 
ployment and thereafter fully expanded by said resilient 
means and means for extending said leading edge mem- 
bers and keel to form said flexible wing. 

13. A depioyabie flexible wing as in claim 7 wherein 
a first line is tied to said parachute and to said keel; means 
for severing said line from said keel after extension there- 
of; a second line tied from said first mentioned line to 
one of said leading edge members; means for severing 
said second line from said leading edge member after 
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extension thereof; a third line tied from said second line 
to said other leading edge member; and means for sever- 
ing said third line from said other leading edge member 
after extension thereof. 

14. A deployable flexible wing comprising: rigid 

flexible wing superstructure; flexible wing material fixed 
to said superstructure to form a lift surface; said super- 
structure including telescoping extendable leading edge 
members and keel to facilitate packaging before flight; 
inner-engaging ends of said telescoping members being 
dimensioned so as to lock the keel and leading edge mem- 
bers in the extended position; drogue paracute means 
for extending said keel and leading edge members to 
form said flexible wing; a first line tied to said parachute 
and to said keel; means for severing said line from said 
keel after extension thereof; a second line tied from said 
first mentioned line to one of said leading edge mem- 
bers; means for severing said second line from said lead- 
ing edge member after extension thereof; a third line 
tied from said second line to said other leading edge 
member; and means for severing said third line from 
said other leading edge member after extension thereof 
whereby said keel and leading edge members are ex- 
tended sequentially by said drogue parachute to assure 
locking of the telescoping parts thereof. 

15. A deployable flexible wing comprising: a flexible 
wing superstructure including a telescoping keel, leading 
edge members and a nose section; said leading edge 
members being pivotally connected to said nose section; 
link means joining said keel and leading edge members; 
leverage means fastened to said keel; resilient means se- 
cured to said nose section and link means and being 
associated with said leverage means to initially expand 
said link means upon deployment and said resilient means 
thereafter fully expanding said link means; drogue para- 
chute means for extending said telescoping keel and lead- 
ing edge members; said drogue parachute means sequen- 
tially extending said keel and leading edge members; 
and means for sequentially severing lines connected to 
said keel and each of said leading edge members after 
extension thereof. 

16. A deployable flexible wing comprising: a flexible 
wing superstructure including a telescoping keel, lead- 
ing edge members and a nose section; said leading edge 
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members being pivotally connected to said nose section; 
inner-engaging ends of said keel and leading edge mem- 
bers changing dimensionally to lock said keel and leading 
edge members in the extended position; link pairs piv- 
5 otaily joined at their ends and respectively to the keel 
and one of the leading edge members; resilient means 
fixed to said link pairs and to said nose section; an arm 
fixed to said keel and projecting beyond said link pairs 
joined end when collapsed against said keel; said resilient 
10 means being directed over the ends of said arm forcing 
initial movement of said link pairs upon deployment 
of said flexible wing and thereafter full expansion of said 
link pairs; drogue parachute means for extending said 
telescoping keel and leading edge members; a first line 
15 tied to said parachute and to said keel; means for sever- 
ing said line from said keel after extension thereof; a 
second line tied from said first mentioned line to one of 
said leading edge members; means for severing said sec- 
ond line from said leading edge member after extension 
20 thereof; a third line tied from said second line to said 
other leading edge member; and means for severing said 
third line from other leading edge member after exten- 
sion thereof whereby said keel and leading edge mem- 
bers are extended sequentially by said drogue parachute 
25 to assure locking of said members. 
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